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(54) Shape-memory actuator device for driving a sun-tracking movement

(57) A shape-memory actuator device to impart to a
movable organ a sun-tracking movement, comprising a
shape-memory element (9) that is progressively activat-
ed during the day. The progressive activation is obtained
through optical means including an aligned series of con-

vergent lenses (10) that cause beams of lightto converge
onto increasing portions of the shape-memory element
(9) during the day, with the movement of the sun, so as
to cause a progressive variation of one dimension of the
shape-memory element that is transmitted to the driven
organ.
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Description

[0001] The presentinvention relates to actuator devic-
es to impart a sun-tracking movement to a movable or-
gan, in particular a solar generator in which the sun-track-
ing movement is obtained through at least one shape-
memory element activated by the heat generated by solar
radiation.

[0002] A device of the type indicated above is known
for example from JP-A-111 25765.

[0003] The purpose of the present invention is to pro-
duce a sun-tracking device that is particularly simple and
efficient in its operation.

[0004] Inthe light of achieving this purpose, the inven-
tion proposes an actuator device having the character-
istics indicated at the beginning and also characterised
in that it includes optical means to focus the solar radia-
tion onto an increasing portion of the shape-memory el-
ement during the course of the sun’s movement, so as
to cause a progressive change in one dimension of the
shape-memory element that is transmitted to the driven
organ.

[0005] In the device according to the invention, the
sun-tracking movement is thus achieved by focusing so-
lar radiation onto an increasingly large portion of the
shape-memory element.

[0006] Ina preferred embodiment, the shape-memory
element comprises at least one shape-memory wire, an
increasing portion of the length of which is struck by solar
radiation and that is thus subject to a progressive con-
traction of its length that causes the desired sun-tracking
movement.

[0007] Inafirstsolution, the above optical means com-
prises an aligned series of convergent lenses, disposed
parallel and adjacent to the shape-memory wire. Further-
more, an optical codifier, comprising an aligned series of
sections transparent to radiation alternating with opaque
sections that impede the passage of radiation, is inter-
posed between the series of convergent lenses and the
shape-memory wire, and predisposed in such a manner
that the beam of light leaving each convergent lens is
intersected by a respective opaque section for a part that
decreases during the day as the position of the sun
changes, whereas at the same time an increasing part
ofthe beam of lightleaving each convergentlens reaches
the shape-memory wire through a respective transparent
section, so as to progressively activate the shape-mem-
ory wire during the course of the day.

[0008] In a second solution, the optical means com-
prises an aligned series of convergent lenses situated
adjacent to and along the shape-memory wire, as well
as an aligned series of fins situated adjacent to and along
the series of convergent lenses, upstream of these, to
enable the solar radiation to reach a progressively in-
creasing part of each convergent lens during the course
of the day with the movement of the sun, in such amanner
that each convergent lens causes progressive actuation
of the shape-memory wire.
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[0009] Inathird solution, the optical means comprises
an aligned series of convergent lenses disposed parallel
and adjacent to the shape-memory wire, and the shape-
memory wire includes a codification, being constituted
of a series of shape-memory sections interspersed with
sections that are inert to heat and of dimensions such
thatthe beam of lightleaving each convergentlens meets
an active section of the shape-memory wire for an in-
creasing part during the day, with the movement of the
sun.

[0010] In the preferred embodiment of the invention,
the device according to the invention is associated with
a solar converter comprising a matrix consisting of a
number of parallel and aligned rows of photovoltaic cells,
said photovoltaic cells of each of said rows being borne
by a common base mounted in an oscillating manner with
regard to the supporting structure. In correspondence
with each of the said photovoltaic cells said base bears
a micro-concentrator capable of concentrating the solar
radiation onto said photovoltaic cell. In a preferred em-
bodiment said micro-concentrator comprises a dome, for
example of plastic material, including at its uppermost
part a lens to concentrate the sun’s energy onto said
photovoltaic cell, said lens presenting for example a Fres-
nel profile, or a profile as a collimator in total internal
reflection, or consisting of micro-lenses. The actuator de-
vice according to the invention, comprising the shape-
memory wire and the aligned series of lenses associated
to it, may be situated at a distance from or alternatively
adjacent to the matrix of micro-concentrators, for exam-
ple along one side of the matrix, to transmit motion to the
micro-concentrators.

[0011] Further characteristics and advantages of the
invention will be clear in the description that follows with
reference to the attached drawings, provided as a simple
example without limiting intent, in which:

-- figure 1 is a perspective view of a solar converter
unit to which the actuator device according to the
invention may be applied,

-- figures 2 and 3 are perspective views at an en-
larged scale of details of the converter unitinfigure 1,
--figures 4 and 5 are sections in diagram form show-
ing the movement of the micro-concentrators of the
unit in figure 1 as the position of the sun varies,

-- figure 6 is a plan view in diagram form of the unit
in figure 1, with an actuator device according to the
invention situated along one of its sides,

-- figures 7A, 7B, 7C and 7D illustrate in diagram
form a structure and operating principle of a first em-
bodiment of the actuator device according to the in-
vention, and

-- figures 8A-8D and 9A-9D illustrate two further var-
iants of embodiment.

[0012] In the drawings, numbers 1 and 2 indicate a
solar converter unit overall and a detail thereof, compris-
ing a matrix consisting of a number of parallel and aligned
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rows of photovoltaic cells 5. The photovoltaic cells 5 of
each row are borne by a common base 4 mounted in an
oscillating manner with regard to the supporting structure
3. In correspondence with each photovoltaic cell 5, the
base 4 bears a micro-concentrator 2 consisting of adome
of plastic material 6 including a lens 7 to concentrate the
solar energy onto the photovoltaic cell 5.

[0013] In the embodiment illustrated in diagram form
in figures 4 and 5, the simultaneous oscillation of the rows
of micro-concentrators 2 around their respective axes of
oscillation 8 is driven by an organ acting as a tension
member 9, consisting of the shape-memory actuator de-
vice of the invention itself. Figures 4 and 5 show the po-
sition of the rows of micro-concentrators 2 respectively
at the start and end of the day. The device according to
the invention maintains the micro-concentrators 2
aligned at all times with the incident solar radiation, so
as to maximise the efficiency of the solar conversion unit.
[0014] Again in the case of the preferred embodiment
illustrated, the shape-memory actuator according to the
invention 9 is predisposed adjacent to one side of the
matrix of micro-concentrators 2 (see figure 6) and is over-
lain by an aligned series of converging lenses 10 dis-
posed adjacent to and along the shape-memory actuator
device 9.

[0015] Figures 7A-7D illustrated a first embodiment of
the actuator device according to the invention. According
to this solution, a shape-memory wire 9 is provided for.

[0016] Shape-memory alloys have long been known
and used in many different fields. They present the char-
acteristic of passing from a martensitic state to a auste-
nitic state as their temperature varies beyond a certain
transition value. In particular it is possible to provide for
a shape-memory wire that is subject to progressive con-
traction of its length when its temperature exceeds a tran-
sition value. In the case of the invention, the shape-mem-
ory alloy is chosen such that the wire 9 exceeds its tran-
sition temperature and is subject to contraction when it
is subjected to heating due to the beam of convergent
light leaving one of the respective convergent lenses. As
already indicated above, an aligned series of convergent
lenses 10 is predisposed adjacent and parallel to the
shape-memory wire 9.

[0017] In the case of the solution in figures 7A to 7D,
an optical codifier 11, consisting of an aligned series of
sections transparent to the light 12 alternating with
opaque sections 13 that stop the light from passing, is
situated between the shape-memory wire 9 and the se-
ries of convergent lenses 10. The disposition of the con-
vergent lenses 10 and the sections 12, 13 of the optical
codifier 11 is such that in the morning the incident solar
radiation S is deviated by each lens 10 into a convergent
beam F that is completely intercepted by a respective
opaque section 13 of the optical codifier 11, so that the
shape-memory wire 9 is not activated. As time passes,
the portion of the beam F leaving the convergent lens 10
that is intercepted by the opaque section 13 decreases,
while an increasing part of the beam F reaches the shape-
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memory wire 9 through the transparent section 12. In this
way, at midday (figure 7C) for example 50% of the beam
F leaving the lens 10 reaches the shape-memory wire 9,
which therefore begins to be activated. In the afternoon,
due to the sun’s path, the beam F is completely directed
onto the shape-memory wire 9 through the transparent
section 12 (figure 7D) so that activation of the shape-
memory wire is maximum. This means that the percent-
age of activation of the shape-memory wire 9 progres-
sively increases from the morning until the evening.
[0018] Figures 8A-8D illustrate a variant in which in-
stead of the optical codifying elements 11 interposed be-
tween the convergent lenses 10 and the shape-memory
wire 9 a series of parallel fins 14 is employed, situated
adjacent to and along the aligned series of convergent
lenses 10, upstream from them with reference to the di-
rection of the incident solar radiation. The inclination of
the fins 14 is such that in the morning each convergent
lenses 10 is not illuminated by solar radiation, whereas
during the day the portion of each convergent lens 10
that is directly illuminated by solar radiation increases.
At midday (figure 8C) the percentage illumination is ap-
proximately 50%, whereas in the evening (figure 8D)
each lens 10 is completely illuminated. Consequently,
the percentage actuation of the shape-memory wire 9
increases progressively from morning to evening.
[0019] Lastly, the solution shown in figures 9A-9D uti-
lises a shape-memory wire 9 also acting as a codifier. In
this case the wire 9, having one extremity 9a fixed, in-
cludes a plurality of active shape-memory sections 91
alternating with sections 92 that are inert to heat. As may
be seen, the arrangement is such that the length of the
active sections 91 progressively increases as their dis-
tance from the fixed extremely 9a increases, while the
length of the inert sections 92 progressively decreases
as their distance along the wire 9 from the fixed extremity
9aincreases. The arrangement of the convergent lenses
and of the sections 91 and 92 of the wire 9 is such that
in the morning all the convergent lenses 10 cause the
respective beams of the light leaving them to converge
onto the inert sections, whereas only the lens 10 furthest
from the fixed extremity 9a (the lens illustrated on the left
in figure 9B) partially illuminates a respective active sec-
tion 91 (figure 9B shows the three lenses furthest to the
left of the series of lenses visible in figure 9A). As may
be seen, in the morning (figure 9B) only the convergent
lens 10 furthestto the left partially illuminates a respective
active section 91. During the day, the number of active
sections 91 that are increasingly illuminated by their re-
spective convergent lenses increases. Figure 9C shows,
with reference to the same three lenses illustrated in fig-
ure 9B, that two active sections 91 begin to be activated
and athird active section 91isjustaboutto beilluminated.
Figure 9D illustrates the situation with regard to the same
three lenses at midday. As the day progress, a situation
is reached in which all the convergent lenses 10 cause
the beams of light leaving them to converge solely onto
active sections 91, in consequence determining a pro-
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gressive contraction of the entire shape-memory wire 9.
[0020] Naturally, whichever solution is chosen, the
shape-memory wire 9 may be predisposed in such a way
as to have one extremity fixed and the other extremity
connected to the mechanical linkage driving the micro-
concentrators, such that the progressive contraction of
the shape-memory wire during the day imparts a sun-
tracking movement to the micro-concentrators. The
same mechanical linkage may incorporate elastic means
of return that take the system back to its starting condi-
tion, as the active condition of the shape-memory device
ceases. After the sun sets, as the shape-memory mate-
rial cools, the device thus automatically returns toiits start-
ing condition for a new day.

[0021] Naturally, the principle of the invention holding
good, the construction details and embodiments may
vary widely with regard to what is described and illustrat-
ed as a simple example, without thereby departing from
the sphere of the present invention.

Claims

1. Shape-memory actuator device to impart to a mov-
able organ (2) a sun-tracking movement, comprising
at least one shape-memory element (9) activated by
heat generated by solar radiation,
characterised in that said device comprises optical
means (10, 11, 14, 91, 92) to focus the solar radiation
onto an increasing portion of the shape-memory el-
ement (9) with the movement of the sun, so as to
cause a progressive variation of one dimension of
the shape-memory element (9) which is transmitted
to the driven organ (2).

2. Device according to claim 1, characterised in that
the shape-memory element is a shape-memory wire
subject to a progressive contraction as the temper-
ature increases above a certain transition value.

3. Device according to claim 2, characterised in that
the optical means comprises an aligned series of
convergent lenses arranged parallel and adjacent to
the shape-memory wire (9), said optical means being
appropriate to vary the portion of the shape-memory
element (9) which is illuminated by the beams of con-
vergent light leaving the convergent lenses (10).

4. Device according to claim 3, characterised in that
said optical means include an optical codifying ele-
ment (11) interposed between the shape-memory
wire (9) and the aligned series of convergent lenses
(10) and comprising an aligned series of sections
transparent to the light (12) alternating with opaque
sections (13), said sections (12, 13) and said con-
vergent lenses (10) being of such a size and ar-
ranged in such away thatthe beam of light (F) leaving
each convergentlens (10) is intercepted by arespec-

10

15

20

25

30

35

40

45

50

55

tive opaque section (13) for a decreasing part during
the day, with the movement of the sun, whereas an
increasing part of the beam of light (F) leaving each
convergent lens (10) reaches the shape-memory
wire (9) through a respective section transparent to
the light (12), so as to cause a progressive activation
of the shape-memory wire (9).

5. Device according to claim 4, characterised in that
said optical means include a series of parallel fins
(14) disposed parallel to the series of convergent
lenses (10) and to the shape-memory wire (9) and
upstream from the convergent lenses (10) with ref-
erence to the direction of incidence of solar radiation,
said fins (14) being of such a size and inclined in
such away that each convergentlens (10) is reached
by direct solar radiation for an increasing part during
the day, with the movement of the sun.

6. Device according to claim 4, characterised in that
said shape-memory wire (9) also acts as optical cod-
ifier, being comprised of a series of active shape-
memory sections (91) alternating with sections inert
to heat (92), said convergent lenses (10) and said
sections (91, 92) of the shape-memory wire (9) being
of such a shape and arranged in such a manner that
an increasing number of lenses (10) progressively
illuminate respective active sections (91) of the
shape-memory wire (9) during the day, with the
movement of the sun, so as to cause a progressive
activation of the shape-memory wire (9).

Amended claims in accordance with Rule 137(2)
EPC.

1. Solar generator comprising:

a matrix consisting of a number of parallel and
aligned rows of photovoltaic cells,
micro-concentrators capable of concentrating
the solar radiation onto said photovoltaic cell,
and

a shape-memory actuator device apt to impart
a sun-tracking movement to a movable organ of
said solar generator, wherein said actuator de-
vice comprises at least one shape-memory el-
ement (9) activated by heat generated by solar
radiation,

said solar generator being characterised in
that said shape-memory element is situated at
a distance from or alternatively adjacent to the
matrix of micro-concentrators to-impart to said
micro-concentrators (2) said sun-tracking
movement, and in that

said device comprises optical means (10, 11,
14, 91, 92) to focus the solar radiation onto an
increasing portion of the shape-memory ele-
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ment (9) with the movement of the sun, so as to
cause a progressive variation of one dimension
of the shape-memory element (9) which is trans-
mitted to the micro-concentrators (2).

2. Solar generator according to claim 1, character-
ised in that the shape-memory element is a shape-
memory wire subject to a progressive contraction as
the temperature increases above a certain transition
value.

3. Solar generator according to claim 2, character-
ised in that the optical means comprises an aligned
series of convergent lenses arranged parallel and
adjacent to the shape-memory wire (9), said optical
means being appropriate to vary the portion of the
shape-memory element (9) which is illuminated by
the beams of convergent lightleaving the convergent
lenses (10).

4. Solar generator according to claim 3, character-
ised in that said optical means include an element
(11) interposed between the shape-memory wire (9)
and the aligned series of convergent lenses (10) and
comprising an aligned series of sections transparent
tothe light (12) alternating with opaque sections (13),
said sections (12, 13) and said convergent lenses
(10) being of such a size and arranged in such a way
that the beam of light (F) leaving each convergent
lens (10) is intercepted by a respective opaque sec-
tion (13) for a decreasing part during the day, with
the movement of the sun, whereas an increasing part
of the beam of light (F) leaving each convergent lens
(10) reaches the shape-memory wire (9) through a
respective section transparent to the light (12), so
as to cause a progressive activation of the shape-
memory wire (9).

5. Solar generator according to claim 4, character-
ised in that said optical means include a series of
parallel fins (14) disposed parallel to the series of
convergent lenses (10) and to the shape-memory
wire (9) and upstream from the convergent lenses
(10) with reference to the direction of incidence of
solar radiation, said fins (14) being of such a size
and inclined in such a way that each convergent lens
(10) is reached by direct solar radiation for an in-
creasing part during the day, with the movement of
the sun.

6. Solar generator to claim 4, characterised in that
said shape-memory wire (9) comprises a series of
active shape-memory sections (91) alternating with
sections inert to heat (92), said convergent lenses
(10) and said sections (91, 92) of the shape-memory
wire (9) being of such a shape and arranged in such
a manner that an increasing number of lenses (10)
progressively illuminate respective active sections
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(91) of the shape-memory wire (9) during the day,
with the movement of the sun, so as to cause a pro-
gressive activation of the shape-memory wire (9).
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